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(57) Abstract 



In order to improve the use of a telephone handset (1), there is provided a method of attenuating the noise generated in the environment 
by deriving an anti-noise signal (15) from a reference microphone (5) and combining this signal with instrument sidetone (35) for supply 
to the earpiece (37) of the handset (1). The anti-noise signal (15) may be mixed with the handset microphone signal or voice signal (7) 
before onward transmission of this signal to the telephone network. As a result the improvements in intelligibility are available not only to 
the handset user but also the receiving party. 
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Telephone Handset noise su ppression 

The present invention relates to noise suppression for 
a telephone handset, particularly, although not exclusively 
a handset forming part of a roadside emergency telephone • 

It is well known that when a telephone handset is used 
in a noisy environment, such as that found by the roadside, 
its performance suffers both in terms of the 
intelligibility of the speech signal emitted from the 
earpiece of the handset, and the quality of the signal 
conveyed from the mouthpiece of the handset to a remote 
party. There have been proposals to improve the 
performance of such a handset, for the most part centred on 
the use of active noise control techniques for which the 
theory is well known to those skilled in the art. 
Previously, such techniques have been limited in their 
utility because of the high cost of signal processing 
hardware such as, for example, Digital Signal Processors 
(DSP). However, more recently, the technology has become 
affordable particularly when applied to mass-production 
items such as telephone handsets. 

Thus, it is an object of the present invention to 
provide an improved telephone handset employing a novel 
adaptive noise suppression technique. It is a further 
object of, the invention to -utilise the above adaptive 
technique in conjunction with adaptive noise cancellation 
methods . 

According to the present invention, there, is provided 
a method of improving intelligibility of telephone-handset 

-eomm-u-Biea-t ion— i-n— a— noisy— e nv-i^o nmen-t - i-n-cl-u ding— t h e— s t ep s- 

of: 

adaptively filtering a noise signal obtained from a 
reference microphone to derive an anti-noise signal and 
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combining this signal with a sidetone signal derived from 
a mouthpiece microphone such that the noise signal present 
in the sidetone signal is substantially removed leaving a 
signal with the noise attenuated for supply to an earpiece 
as instrument sidetone. 

According to a further aspect of the invention, there 
is provided apparatus suitable for carrying out the above 
described method. 

It will be immediately apparent that although the 
anti-noise signal may be mixed with the sidetone signal 
after the latter signal has been split from the mouthpiece 
microphone signal carrying voice and noise signals to the 
telephone network, the removal of noise may take place 
prior to splitting the microphone signal thereby resulting 
in a substantially noise-free voice signal reaching not 
only the earpiece but also the telephone network. This has 
^Mh^effeclTVf^ further reducing the: noise', "received at the 
earpiece by reflections of the signal sent to the telephone 
network . 

Additionally, and to further improve the operation of 
the handset, means may be provided for forming a so-called 
zone-of-guiet around the earpiece of the handset. Such 
means may also have the ability to compensate for changes 
in -the acoustic path - ^caused . by different .handset 
characteristics and/or the force with which the handset is 
applied to an ear of a caller. 

In order to aid in understanding the invention a 
specific embodiment thereof will now be described by way of 

example_aJid-JWjLth^efe.re^ 

which: 

Figure 1 is a schematic diagram setting out the 
principal of adaptive noise cancellation; 

Available 'Cor*' 
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Figure 2 is a schematic diagram of a telephone handset 
and filter apparatus according to the invention to allow 
noise suppression of a sidetone signal; 

Figure 3 is a schematic diagram of a variant of the 
telephone handset of Figure 2; 

Figure 4 is a schematic diagram of the telephone 
handset of Figures 3 and 4 further incorporating earpiece 
adaptive noise cancellation apparatus; and 

Figure 5 is a schematic diagram of the handset of 
Figure 4 showing the adaptive noise cancellation circuitry 
in more detail . 

Referring initially to Figure l, this describes the 
principal of operation of an adaptive filter apparatus for 
use with a roadside emergency telephone handset 1. In the 
following description, the conventional telephony term for 
the party using the handset, namely the "caller", is 
referred to as the "user". Similarly, the word "operator" 
used below corresponds to the conventional term of 
"receiving party". 

The apparatus 1 has a pair of microphones 3,5 of which 
one microphone 3 is arranged to receive a voice signal s(k) 
7 from a user 9 calling for assistance and which, in 
addition, unavoidably receives unwanted background traffic 
noise n(k) 11. A second microphone 5 which is substantially 
acoustically isolated from the user 7 is arranged to 
deliberately receive traffic noise n f (k) 11 only. The 
combined signal s(k) 7 and noise n(k) 11 are summed in 
summing means 13 with the output y(k) 15 from an adaptive 
filter 17. The output y(k) 15 from the filter 17 is, 
itself, the result of applying a known filter algorithm to 
the noise n f (~k) 11 received" by " the "^e^r^~irdcropttone, " in 
accordance with the feedback of the output e(k) 19 from the 
summing means 13. The output e(k) 19 is, of course, 
intended to correspond as closely as possible to the voice 
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signal s(k) 7 of the user and is subsequently received by 
' operator listening to the user's requests for 



an 

assistance- 



Figures 2 and 3 show an adaptive filter apparatus 
employed in a telephone handset to reduce the detrimental 
effect of traffic noise being fed to the user's ear via 
instrument sidetone. Sidetone, which is low-volume 
feedback of the user's voice signal to the earpiece of the 
instrument, is a requirement of telephone operating 
authorities and provides reassurance to the user that the 
handset is not "dead". 

Referring to Figure 2 especially, traffic noise 11 is 
received by reference microphone 5 and handset microphone 
3 m addition, a voice signal 7 is received at the 
handset microphone 3 from the user 9. The output signal 21 
-from the handset microphone 3 is passed principally, via 
the telephone network to an operator 27. However, a 
portion of the output signal 21 is spilt away as sidetone 
29 This sidetone signal 29 is mixed in mixer means 31 
with an incoming operator voice signal 33. The combined 
operator signal and sidetone 35 is then passed to the 
summing means 13 where it is summed with the output 15 of 
the adaptive filter 17. Consequently, the output from the 
summing means 13 namely output signal 23 contains merely 
the instrument sidetone signal and the voice signal 33 of 
the operator 27, the unwanted traffic noise 11 being 
substantially removed. This signal 23 is then used to 
drive' the earpiece 3 7 of the handset 1. 

Turning to Figure 3 , there is shown a variation of the 
l^setTin" which'T^ 

is employed not only to remove unwanted traffic noise 11 
from the sidetone 29 fed to the user 9, but also reduces 
the unwanted traffic noise 11 passed to the operator 27. 

Mst Mailable Copy 
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In this arrangement, voice signal 7 and traffic noise 11 
are received by the handset microphone 3 and reference 
microphone 5 and adaptively filtered as described above. 
In the present case however, a substantially noise free 
signal 2 3 is obtained which can be fed to the operator and 
a portion thereof fed, as noise-free sidetone for 
subsequent mixing with the operator voice signal 33. In 
this way, the benefit of adaptive filtering is available 
both to the user 9 and the operator 27. 

It will be appreciated by those skilled in the art 
that the adaptive noise cancellation techniques may be 
employed to produce a so-called zone-of-quiet around the 
earpiece of the handset as shown in Figure 4 and in more 
detail in Figure 5. 

Referring to Figure 5, traffic noise 11 is received by 
reference microphone 5 and handset, microphone 3. In 
addition, a voice signal 7 is received at the handset 
microphone 3 from the user 9, enabling an instrument 
sidetone level to be derived via an attenuator. The user 
9 receives an audible signal 40 from the earpiece 37 via an 
acoustic path 43 having an impulse response He(f). 
Reference microphone 5 is substantially acoustically 
isolated from microphone 3 and error microphone 38. 
Traffic noise 11 received by reference microphone 5 
produces a noise signal x(k) 25 which is fed to adaptive 
filter 46, model of impulse response He(f ) , He(z) 42, and 
sidetone control element 41. Adaptive filter 17 uses noise 
signal x(k) 25, coefficients from the model of impulse 
response He(z) 42 and an error signal 44, produced by an 
error microphone 38 situated within the acoustic path He(f ) 
4 3 7~~"Eo*~pfoduce an~~anti-nois^^i~gna~T~ 4~5~; Tire" -emrt±=mx)±s e — 
signal 45 is fed to a mixer means 31 to be combined with 
the signal received from the telephone network 33 and the 
instrument sidetone signal via the sidetone control element 
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41 



The resulting signal from the mixer 31 output y(k) 35 
is 'fed to earpiece 37. The adaptive filter 17 operates so 
as to produce an acoustic sound from earpiece 37, picked up 
by error microphone 38, which acoustically cancels the 
traffic noise 11 whilst preserving the signal received from 
the telephone network 33 and instrument sidetone via 
sidetone control element 41 . 

In order to compensate for changes in acoustic path 
He(f), caused for example by different characteristics of 
individual handsets or the force applied by the user to 
hold the handset to their ear, the coefficients held within 
the acoustic path model He(z) 42 are dynamically updated. 
As the level of traffic noise signal 25 increases the 
sidetone control element 41 reduces the amount of 
instrument sidetone during periods of high traffic noise. 

It will be appreciated that the control of instrument 
sidetone by means of a sidetone control element 41 in 
response to the level of noise signal 25 may be applied to 
a telephone instrument not equipped with either adaptive 
noise cancellation or adaptive noise control. 
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Claims : 



1 . A method of improving intelligibility of telephone- 
handset communication in a noisy environment including the 
steps of: 

adaptively filtering a noise signal obtained from a 
reference microphone to derive an anti-noise signal and 
combining this signal with a sidetone signal derived from 
a mouthpiece microphone such that the noise signal present 
in the sidetone signal is substantially removed leaving a 
signal with the noise attenuated for supply to an earpiece 
as instrument sidetone. 

2. A method as claimed in Claim 1, wherein the reference 
microphone is firstly isolated acoustically from the 
handset, the noise signal then being adaptively filtered in 
accordance with a predetermined model of the handset 
impulse response as modified by the value of an error 
signal obtained from a error microphone situated within the 
acoustic path of the handset earpiece and thereby derive, 
the anti-noise signal, 

3. A method as claimed in Claim 2, wherein the model of 
handset impulse response is dynamically updated in 
accordance with the pressure applied to the handset by a 
users head. 

4. A method as claimed in any preceding Claim, wherein 
the anti-noise signal is mixed with the sidetone signal 
after the latter signal has been split from the mouthpiece 
microphone signal which provides a caller signal to the 

t«iephoiie--n-e^wo-r-k- — • 

5 . A method as claimed in any one of Claims 1 to 3 , 
wherein the anti-noise signal is mixed with the mouthpiece 
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microphone signal prior to splitting the microphone signal 
into a sidetone signal and a caller signal sent to the 
telephone network. 

6. A method as claimed in Claim 4 or Claim 5, which 
includes the further step of summing a receiving party 
signal received from the telephone network with the 
sidetone signal. 

7. a method as claimed in any preceding Claim, wherein 
the sidetone signal varies inversely with relation to the 
level of the noise signal. 
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